A considerable amount of clinical data has indicated that the BP of alcoholics is highest during withdrawal18,19; however, little attention has been directed to the effects on 24-hour BP profiles, taking periodic sequencing of alcohol intake and BP measurement into consideration. We previously reported decreased BP for several hours after a single intake of alcohol in hypertensive patients with drinking habits.20 Thus, the BP circadian pattern with repeated intake of alcohol may differ from that with a single intake, since many studies have suggested a pressor action of alcohol. For this reason, we investigated and compared the effects of single and repeated consumptions of alcohol on 24-hour BP in hypertensive patients with drinking habits. 
Protocol
Subjects abstained from alcoholic drinks and stopped antihypertensive medications for at least 1 week before the study. The studies were conducted in a standardized condition, and subjects were hospitalized in a ward of the National Cardiovascular Center where they spent the entire 24-hour test period and ate a regular hospital diet (salt, 10 g/d; calories, 1500 per day). Before entering the protocol, subjects stayed in the ward for several days to minimize the effect of hospitalization on BP during the study protocol.
The experiment was divided into two consecutive phases: control phase-a 4-day period during which nonalcoholic drinks containing the same amount of calories as alcohol were added to dinners (5 PM to 6 PM) and drinking phase -a 7-day period during which 1 mL/kg of ethanol was administered with dinner, in the form of vodka, lime juice, and water. Subjects were allowed approximately 60 minutes to consume the alcohol. BP recordings, echocardiographic examinations, blood samplings, and urine collections for 24 hours were performed on day 3 of the control phase and on days 1 and 7 of the drinking phase.
Twenty-four-hour BP recordings were performed from 3 PM to 3 PM. Echocardiographic examinations and subsequent venous blood samplings were performed before dinner (4:30 PM to 5 PM) and 90 to 120 minutes after dinner (6:30 PM to 7 PM). Additional blood samples were collected the next morning before breakfast (8 AM 
Biochemical Measurements
Urinary sodium was determined by a biochemical analysis system (TBA-80S, Toshiba). Urinary and plasma norepinephrine and epinephrine were assayed by high-performance liquid chromatography and trihydroxyindole fluorometry. Plasma levels of renin activity, aldosterone, cortisol, and insulin were measured by radioimmunoassay.
Statistical Analysis
Data are expressed as mean±+1 SD. Comparisons were made by repeated-measures ANOVA: two within, no between factors. The two factors were treatment (control, a single intake and repeated intake of alcohol) and time of day. To further study treatment or time difference effects, we specified a contrast, and mean comparisons were made after data analysis. Linear regression analysis was performed for the evaluation of relationships between the measured variables. ANCOVA was used when the model contained factors and regressors. Analyses were performed using SUPER ANOVA and STAT VIEW II software (Abacus Concepts Inc), and a value of P<.05 was considered statistically significant.
Results

BP and Heart Rate
Circadian patterns of BP for each day are shown in Fig 1. Both systolic and diastolic pressures (SBPs and DPBs), after a single intake of alcohol and after repeated intake for 7 days, were lower for several hours after drinking compared with those of the control phase. However, BPs from midnight to early morning on day 7 were higher than those in the control phase and on day 1. As shown in Table 2 , averaged 24-hour BP in 14 patients after a single intake of alcohol was significantly lower than that of the control phase and after 7 days of repeated intake of alcohol. Averaged 24-hour BP was not different between the control phase and after 7 days of repeated intake.
During the time from 6 PM to midnight, both SBP and DBP on days 1 and 7 were significantly lower than those of the control phase. BP from midnight to 8 AM was not different between the control phase and single intakes; however, it was significantly higher on day 7 Biochemical Findings Urinary excretions of sodium, norepinephrine, and epinephrine were not different among the three periods (Table 4) . Plasma norepinephrine and epinephrine at 7 PM on day 1 were higher than those at 7 PM of the control phase, and those at 5 PM on day 1 and 8 AM the next morning (Table 5) . Cortisol Fig 4) . There was also a correlation between the ilse rate was higher for several hours after drinking, change in SBP between midnight and 8 AM caused by ng which time BPs decreased on both days 1 and 7 repeated intake of alcohol on day 7 and plasma levels of pared with the control phase (Fig 1 and Depressor Action of Alcohol A single intake of alcohol decreased BP for several hours after alcohol intake, and 24-hour BPs were lower than that of the control phase in habitual drinkers with essential hypertension. These findings are consistent with our previous studies20 and those reported by Howes and Reid.26 There was also a depressor action in repeated intakes of alcohol for several hours after alcohol ingestion as well as in single intakes. However, peripheral resistance decreased along with a reduction of BP as is found in single intakes of alcohol. In the present study, increased cardiac output associated with the decrease of BP after ethanol is in line with previous work showing decreased peripheral resistance20,27 and vasodilation.28 After 7 days of repeated intake, there was no change in cardiac contractility assessed by the relation between fractional shortening and end-systolic wall stress. Therefore, the depressor action of alcohol was not attributable to the negative inotropic action of alcohol.
There is a possibility that depressor action is a limited finding in Orientals who exhibit flushing. Kupari et a127 compared the responses of BP to low doses of acute alcohol intake between Finnish and Japanese who were normotensive. In the five Japanese subjects, postdrinking facial flush was associated with elevated blood acetaldehyde, marked BP reduction, and tachycardia. Although other Japanese and Finnish without facial flush had no detectable acetaldehyde in the blood and fewer hemodynamic changes, alterations were similar in direction. Our subjects all had drinking habits and hypertension; no subjects developed hangover symptoms. BP reduction after alcohol intake was greater in the subjects with alcohol flush than in those without. However, BP reduction after alcohol on days 1 and 7 was significant even in the subjects without flushing.
Pressor Action of Alcohol
Repeated intake of alcohol for 7 days increased BP for several hours after 6 hours since the last drink. This indicates that a double condition is needed for alcohol to start an increase of BP: first, continuous drink for several days or more and second, timed BP measurement since the last drink. The importance of the rise in BP after repeated intake of alcohol is best appreciated when comparisons are made with earlier studies.
Puddey et al29,30 studied the effects of withdrawal and resumption of alcohol on BP in treated hypertensive and normotensive subjects. BP measurement times were not recorded, and the fall and rise in BP occurred within 2 to 3 weeks after reduction of alcohol intake or resumption of normal drinking habits. Potter and Beevers8 reported that it took at least 48 hours for BP to start to increase after alcohol consumption was restarted. Maheswaran et a131 have suggested that the effect of alcohol on BP appears to be predominantly due to alcohol consumed in the few days immediately preceding BP measurement, with alcohol consumption before those few days exerting little effect on BP. Results of these and our studies indicate that pressor effects of alcohol appear after at least a few days of repeated intake.
For alcohol to raise BP several hours after the last drink, a second condition was needed. Howes and Reid32 also studied the effects of moderate consumption of alcohol for several days on BP, relating it to sympathetic activity in normotensive volunteers. Alcohol was taken between 5 PM and midnight and supine BPs were measured several times from 9:30 AM to 4 PM. They found a mean 3.0 mm Hg rise of daytime SBP and 3.1 mm Hg in DBP; however, BPs for several hours after alcohol intake were not measured. Wallace et a133 compared men with chronic alcohol use who were denied alcohol use in the 24 hours before the study with men who drank alcohol within the 24 hours. The mean SBP and DBP were 2 to 3 mm Hg higher than in those with reported alcohol use on the day before the study. They also showed that alcohol consumed in the 24 hours before the study was more strongly associated with elevated BP than alcohol consumed in the week before the study excluding the previous 24 hours. 34 These studies suggest that drinking patterns and intervals between the last alcohol use and pressure measurements are important.
Experimentally, chronic alcohol intake was not always associated with an increase of BP. Rather, hypotensive and antihypertensive actions were seen in spontaneously hypertensive rats and normotensive rats. 35 However, Crandall et a136 succeeded in making Sprague-Dawley rats hypertensive with twice-daily intermittent drinks of ethanol. They found normotensive BP at peak blood alcohol levels; however, they found a hypertensive response 24 hours after the final drink. These experiments also suggest that critical time intervals since the "last drink" are needed for alcohol to raise BP. Experimentally, Altura and Altura39 described studies in rats in which chronic alcohol consumption appears to convert the acute vasodilator effect of ethanol into a constrictor response, and they suggest that the effects of circulating neurohumoral vasoconstrictor substances are potentiated by an alcohol-induced accumulation of calcium in vascular smooth muscle cells. Criscione et a140 studied the effect of ethanol infusion on vasoconstrictor response to norepinephrine in isolated rat mesenteric artery. They found that alcohol has a dual effect on the vascular system. An infusion of ethanol caused concentration-related inhibition of norepinephrine-induced vasoconstriction. Interestingly, however, 1 hour after the end of the infusion, the vasoconstricting effects of norepinephrine were potentiated. This seems analogous to the biphasic action of repeated intake of alcohol, depressor response followed by pressor response, in this study. They also suggest that the potentiation of vasoconstrictor response by norepinephrine might be due to the suppression of endothelium-dependent relaxation by ethanol. Therefore, our and other studies indicate that alcohol withdrawal plays an important role, but not a straightforward action, in the pressor effect of alcohol. However, there also may be other "slow pressor" mechanisms, since the 24-hour blood pressure pattern on day 7 of the alcohol phase seemed to be elevated in parallel compared with that on day 1 in our study. Effects of Alcohol on 24-Hour BP In the present study, repeated alcohol intake for 1 week did not change average 24-hour BP, although it raised BP in the early morning and lowered it in the evening hours. Our results suggest that the hypertensive effect of alcohol has been overestimated, since earlier studies depended on casual BP measurement.
The amount of daily alcohol consumption was 1 mL/kg in our study. This dose has been shown to elevate SBP by 5 to 6 mm Hg in epidemiological studies.37 It should be mentioned that we observed a similar increase in early morning BP on day 7 of the alcohol phase. The failure of alcohol to raise 24-hour BP might be attributed to the relatively short intervention period. However, we often experience that alcohol acutely lowers BP in habitual drinkers who have been consuming alcohol for many years. In our recent randomized crossover study, average 24-hour BP was similar between the 1-month alcohol period and the control period in hypertensive patients. 41 The effect of alcohol on 24-hour BP may not be the same among various ethnic groups. It is possible that profound acute hypotension may offset the chronic pressor effect of alcohol in subjects with alcohol flush. However, average 24-hour BP at the end of the alcohol phase did not change in either flushers or nonflushers in this study. The results of our study also might be influenced by various factors such as hospitalization, prior discontinuation of alcohol, and antihypertensive medication. We measured BP five times a day (from 6 AM to 9 PM) throughout the control phase, alcohol phase, and recovery phase (3 days) as a branch of the present study. Since average BPs at the end of each period were similar, these factors do not appear to modify the time course of BP.
Circadian variation of BP is known to be modified by physical and mental activities. A major feature of the 24-hour BP profile is a substantial lowering of BP during sleep. Individual profiles, however, can diverge widely, with some patients showing greater nocturnal fall of blood pressure compared with daytime (dippers) and others showing negligible changes (nondippers). 42, 43 Our findings in this study suggest that BP circadian patterns, especially sleep BP, are influenced by alcohol intake. Moreover, the rise in morning BP can also be increased. In evaluation of circadian patterns of BP, therefore, it is important to know whether the subjects drank and the time they drank.
Although alcohol intake was thought to elevate BP, epidemiological studies have shown that alcohol has protective effects against coronary artery disease. [44] [45] [46] [47] [48] Increased high-density lipoprotein cholesterol level, decreased platelet aggregation, and possible effects on other clotting factors could account for the reduced risk of coronary artery disease among drinkers. Criqui47 and Langer et a148 showed that an alcohol-induced increase in BP had a noxious effect on coronary heart disease, although such effect was small compared with the protection offered by favorable changes in lipoproteins. Since our results do not support a pressor effect of alcohol for 24 hours, the deleterious effects of alcoholinduced hypertension may be less than expected. However, regular alcohol intake appears to augment not only the morning BP rise but also the nocturnal hypotension. This changing pattern of circadian blood pressure may influence the onset of cardiovascular diseases.
We conclude that chronic alcohol intake has both depressor and pressor effects depending on the time interval since the last drink and that the chronic effects of alcohol on BP may be overestimated when based on casual BP measurements alone. It is important to ascertain how many hours it has been since the last drink when BP is measured.
